The discovery of a myopathic mutation in a colony of strain 129 mice (1, 2) provides an opportunity for the study of possible abnormalities in the metabolism of muscle proteins with the use of labeled amino acids. Cell proteins miiay show various kinds of behavior. Some of them are constantly being renewed, either secreted, like digestive enzymes or serum albumin from the liver, or subjected to a molecular turnover, as in the case of muscle aldolase and probably all the water-extractable muscle proteins. The other proteins apparently stay unchanged during the life span of the cell, as in the case of hemoglobin in red blood cells (3), of collagen in the rat (4), or of myosin in the myofibril, a subcellular unit (5. 6). We have previously shown in the rat that myosin has a very slow renewal and that its metabolic behavior permits the measurement of the life span of the myofibril, which is close to 30 days in the rat. If, after the injection of a radioactive amino acid, the radioactivity of the protein is plotted against time, the first kind of protein shows an exponential decline, but hemoglobin and m-vosin show a plateau followed by a rapid decline. These two kinds of curves are combined if the protein is slowly renewed and belongs to a cell or part of a cell with a relatively short life span.
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In this work we have compared the metabolism of myosin and water-extractable muscle proteins in dystrophic mice, in their normal litter mates, and in another normal strain of mice. We have not prepared pure aldolase, which would have required too large a number of animals, but we * Supported by grants from the Caisse Nationale de Securite Sociale, France, the Institut National d'Hygiene, France, the Muscular Dystrophy Associations of America, Inc., and by a research grant (no. Preparation of the proteinis. The mice were killed by bleeding. Muscles were ground and the water-extractable proteins and free glycine were extracted with twicedistilled water. The myosin was extracted with potassium iodide according to Szent-Gyorgyi (7) and purified twice by precipitation by dilution, and by redissolution in a buffered potassium chloride solution. The purity w-as checked by moving boundary electrophoresis which showed one symmetrical peak ( Figure 1 ). The absence of actomyosin was checked in each experiment by the measurement of the viscosity before and after the addition of adenosine triphosphate. The w\ater-extractable proteins were precipitated by adding half a volume of 20 per cent trichloroacetic acid to the muscle extract. (8), as modified by Padieu (9) and Kruh and associates (10) . Its purity was systematically checked by paper chromatography according to Biserte and Osteux (11) .
Measurement of radioactivity. Myosin, like the watersoluble proteins, was precipitated by half a volume of 20 per cent trichloroacetic acid. The precipitates were washed twice with 7 per cent trichloroacetic acid, twice with acetone, and once with ether. The dry proteins were ground into a fine powder in a Potter apparatus and in an agate mortar, and then spread in a regular layer of 40 mg protein on copper planchets of 1.52 cm2 surface, which constitutes infinite thickness. The DNP-glycine was dissolved in methanol and estimation was made in a Beckman DU spectrophotometer at 360 m,u on an aliquot, after dilution in 2 per cent NaHCO3. The radioactivity was measured on another aliquot after heat dessication on a copper planchet of 2.85 cm2 surface in which a lens paper was fixed with silicone grease. A Geiger-Muller counter with a thin end-window was used, and the specific activity of DNP-glycine was expressed in counts per minute per millimole; the correction for thickness was made. The determinations were carried out with a statistical error of less than + 2 per cent.
RESULTS

Normal mice (strain RAP)
Myosin (Figure 2 ). Two series of experiments involving 40 mice showed a constancy of radioactivity between the second and twentieth days with a mean value of 30 cpm + SD = 2. Then the radioactivity decreased and remained constant until the thirty-eighth day at a level of 19 + SD = 2.5.1
Water-extractable proteins (Figure 2 ). The radioactivity of the water-extractable proteins was much higher than that of myosin on the second day, then it decreased exponentially. Free glycine of muscle ( Figure 5 ). The specific activity of free glycine decreased exponentially from the second day.
Dystrophic mice and normal litter mate (strain 129) The mice were killed at the sixth hour and on the first, second, fourth, sixth and fifteenth days after the injection of C14-glycine.
Myosin (Figure 3 ). In the normal litter mate the radioactivity was constant between the first and the fifteenth days. In the dystrophic mice the radioactivity increased until the fourth day, when it was twice as high as that in the normal mice. After the sixth day it decreased, and on the fifteenth day the value of the radioactivity was close to that of the normal mice.
Water-extractable proteins (Figure 4) . In normal as well as in dystrophic mice the radioactivity increased until the twenty-fourth hour and then decreased, but the variation as a function of time was much larger in the dystrophic than in the normal mice. The ratio of the radioactivities was 2 in the twenty-fourth hour and 1.3 on the fifteenth day.
Free glycine of muscle ( Figure 5 ). The specific activity of free glycine decreased exponentially until the first or second day, then the slope of the semilogarithmic curve changed. the decline of the specific activity at abou twenty-second day, the radioactivity of the sin presents a second plateau which could be explained by the re-utilization of the labeled a acids liberated by the degradation of the r active myosin; such a re-utilization has been s to occur with radioactive iron in hemog Water-extractable proteins show an expon decrease, which means that the sarcoplasmic teins are subject to turnover.
The acceleration of protein metabolism in trophic mice has been demonstrated by S Lessell, Gross and Milhorat (13) . Thes thors injected C14-leucine into mice and obs a faster incorporation of the amino acids int proteins and a faster rate of disappearance the proteins in the dystrophic animals. The more recent knowledge of the myofibrils' life span and the isolation of pure myosin provide some informaice tion on the localization of the biochemical lesion. The lesion may be localized at a molecular, a subcellular, or a cellul'ar level. The difference in behavior cannot be explained by a modification of the permeability of the muscle cell to glycine, since we have not found any significant difference between the specific activity of free glycine in normal and in dystrophic mice. Nevertheless, a difference of penetration of radioactive glycine into the cells in the first hours after the injection cannot be excluded. It all the muscle proteins. However, an acceleration of the turnover should lead to a faster rate of incorporation' of the labeled glycine into myosin. Figure 3 shows that in dystrophic mice there is a rise in the radioactivity of It is not possible at present to determine which of these two hypotheses may be correct, but the first seems more likely. An acceleration of the turnover of the muscle proteins is probably the most important abnormality of muscle protein metabolism in dystrophic mice. It would be important to know whether or not the same abnormality occurs in human muscular dystrophy.
SUMMARY
The authors have studied the metabolism of myosin and water-extractable proteins in normal mice and in mice with hereditary muscular dystrophy.
1. In normal mice the constancy of the radioactivity of myosin favors the interpretation of a life span for the myofibrils of approximately 20 days. The radioactivity of the water-extractable proteins decreases exponentially, due to a turnover of these proteins. These results are in agreement with those obtained previously in rats.
2. In dystrophic mice the radioactivity of myosin increases for the first four days, then decreases without a plateau. The turnover of the water-extractable muscle proteins is highly accelerated. These results can be interpreted as representing a shorter life span of the muscle cell, or of a part of the cell or, more likely, as an acceleration of the turnover of the muscle proteins.
